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Express Mail Label No. EL977712381US 

[0001] METHOD AND SYSTEM FOR MANAGING COOPERATIVE 
POSITIONING AMONG WIRELESS TRANSMIT/RECEIVE UNITS 

[0002] CROSS REFERENCE TO RELATED APPLICATIONS 

[0003] This application claims priority from U.S. provisional application 

60/464,670 which was filed on April 22, 2003, which is incorporated by reference as if 
fully set forth. 

[0004] FIELD OF INVENTION 

[0005] The present invention generally relates to wireless communication 

systems. More particularly, the present invention relates to wireless communication 
systems wherein wireless transmit/receive units may be used for obtaining positioning 
information regarding target wireless transmit/receive units. 

[0006] BACKGROUND OF THE INVENTION 

[0007] Wireless communication systems wherein wireless transmit/receive units 

(WTRUs) are capable of providing positioning information by measuring and reporting 
characteristics (i.e., angle of arrival, propagation delay, received power, etc.) of signals 
transmitted from target-WTRUs (i.e. WTRUs for which a position needs to be 
calculated) are known in the art. Such functionality is referred to as cooperative 
positioning and enables WTRUs to assist each other in positioning themselves. 
Further information regarding positioning among WTRUs is provided in U.S. patent 
application nos. 10/308,476 and 10/334,806, both of which are assigned to the assignee 
of this application. 
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[0008] The prior art, however, fails to address the issues of which WTRUs to 

select as candidates for requesting cooperation with respect to providing positioning 
information, how to request such cooperation, and how to encourage users to cooperate. 
These issues are preferably addressed because in practice, a large percentage of 
registered users have WTRUs that are incapable of providing any useful positioning 
information as a result of, for example, their own unfavorable position. Further, 
performing positioning measurements regarding target- WTRUs detracts from the end- 
user experience for the users of WTRUs performing positioning measurements. For 
example, performing positioning measurements regarding target- WTRUs results in 
increased battery consumption in the WTRUs performing the measurements. 
[0009] In light of the above, it would be desirable to provide a method and system 

for managing cooperative positioning among WTRUs in wireless communication 
systems. 

[0010] SUMMARY 

[0011] The present invention is a method and system wherein users are 

encouraged to participate in cooperative positioning among wireless transmit/receive 
units (WTRUs). Participating WTRUs determined to be suitable for providing 
positioning information for target- WTRUs are identified and sent a broadcast message 
requesting positioning information regarding a target- WTRU(s). Participating WTRUs 
that report positioning information are given a reward or credit. 

[0012] BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 is a method wherein users may opt to allow their wireless 

transmit/receive units to provide positioning information regarding target wireless 
transmit/receive units in return for credit. 
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[0014] Figure 2 is a method for managing user cooperation and network 

collection of positioning information from well-located wireless transmit/receive units 
in a wireless communication network. 

[0015] Figure 3 is a system wherein users are encouraged to allow wireless 

networks to utilize the user's wireless transmit/receive units to obtain positioning 
information regarding target wireless transmit/receive units where additional 
positioning measurements are desired. 

[0016] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] The present invention is described with reference to the drawing figures 

wherein like numerals represent like elements throughout. 

[0018] Generally, the term base station includes but is not limited to a Node-B, 

site controller, access point or other interfacing device in a wireless environment. The 
term WTRU includes but is not limited to a user equipment, mobile station, fixed or 
mobile subscriber unit, pager, or any other type of device capable of operating in a 
wireless environment. Further, the phrases wireless communication system and 
wireless communication network are used interchangeably herein. 
[0019] Referring initially to Figure 1, there is shown a method 10 wherein users 

may opt to allow their wireless transmit/receive units (WTRUs) to provide positioning 
information regarding target-WTRUs (i.e. WTRUs for which a position needs to be 
calculated) in return for credit. In general, specific WTRUs are selected from a group 
of WTRUs that have been made available by their respective users to a wireless 
network for providing positioning information regarding target-WTRUs. The users 
whose WTRUs actually perform a positioning measurement regarding a target- 
WTRU(s) and report the information obtained as a result of taking the measurement to 
the network are provided with a reward or credit. 

[0020] The method 10 preferably begins in step 12 when a user registers with a 

wireless network. Upon registration to the network, the network queries the user in 
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step 14 to determine whether the user is willing to participate in cooperative 
positioning. Cooperative positioning is where a wireless network instructs certain 
WTRUs to provide positioning information regarding target- WTRUs. The selected 
WTRUs will take positioning measurements (i.e. angle of arrival, propagation delay, 
received power, etc.) of signals transmitted from a target-WTRU(s) and report the 
results of the measurements to the network for use in locating the targe t-WTRU(s). 
Therefore, to participate in cooperative positioning, users must be willing to allow their 
WTRUs to be used by the network to perform position measurements in order to obtain 
positioning information regarding target- WTRUs. It should be noted that the user's 
selection may be cached by the network so that users are not queried each time they 
turn on their WTRU. 

[0021] If the user does not wish to participate, the method 10 ends (step 16). If 

the user does wish to participate, the method 10 continues in step 18. In step 18, the 
network informs the user of the location status of its WTRU. That is, the network 
informs the user of whether the user's WTRU is well-located or not well-located. The 
determination of whether a WTRU is well-located or not is preferably based on the 
WTRU's reported degree of confidence in its own position. 

[0022] The WTRUs participating in cooperative positioning may position 

themselves according to any known positioning method (i.e. using cooperative 
positioning, the global positioning system (GPS), measurements from base stations, 
etc.). The WTRUs, however, have to be well-located. A WTRU is well-located where its 
degree of confidence in its own position is equal to or greater than a predetermined 
value and non well-located where its degree of confidence is less than the 
predetermined value. Of course, the determination of whether a WTRU is well-located 
or not may be determined based on any criteria as desired. 

[0023] Referring now to step 20, if the location status of the WTRU is not well- 

located, the method 10 returns to step 18 and may cycle between steps 18 and 20 until 
the location status of the user's WTRU changes from not well-located to well-located. If 
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the user's WTRU is (or becomes) well-located, the method 10 proceeds from step 20 to 
step 22. In step 22, it is determined whether the user's WTRU is within a 
predetermined geographic area of the target- WTRU. The predetermined geographic 
area may be selected as desired. 

[0024] If the user's WTRU is not within the predetermined geographic area, the 

determination in step 22 may be performed periodically with a predetermined delay, as 
desired. If the user's WTRU is within the predetermined geographic area, the method 
10 proceeds to step 24 wherein well-located WTRUs within the predetermined 
geographic area receive a message from the network requesting positioning 
information regarding a target- WTRU(s). The message is preferably broadcast, but 
may of course be transmitted as desired. The broadcast message identifies the target- 
WTRU(s) and the measurements that should be taken. 

[0025] To identify the target-WTRU(s), the broadcast preferably includes 

information that is specific to the target- WTRU(s) (i.e. spreading code or other unique 
signature) and is transmitted over a set of cells including the target- WTRU's serving 
cell and neighboring cells. Restricting the broadcast to well-located WTRUs within the 
predetermined area will considerably limit the set of WTRUs responding to the request 
for positioning information. If desired, further reduction in the number of responding 
WTRUs may be achieved by allowing a response to the network only where the 
confidence of the measurements is above a predetermined threshold. In step 26, the 
user's WTRU provides positioning information to the network (i.e. takes positioning 
measurements regarding the target- WTRU and reports the results to the network). 
Then, in step 28, each user that provides positioning information (i.e. results of 
positioning measurements) regarding the target- WTRU is provided with a credit. The 
credit may be an actual monetary credit on the user's network account or it may be in 
the form of free air time on the network. The particular credit that is provided may be 
any type of reward. For example, frequent flier miles or free meals or any other type of 
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incentive may be provided as desired. The positioning information provided to the 
network is preferably used to locate the target- WTRU(s). 

[0026] Referring now to Figure 2, a method 50 for managing user cooperation 

and network collection of positioning information from WTRUs in a wireless 
communication network is shown. The method 50 begins in step 52 wherein registered 
users who wish to participate in cooperative positioning are identified by a wireless 
network. As explained above, a large number of identified users may have WTRUs 
that are themselves not well-located. WTRUs that are not well-located should not be 
used to obtain positioning information regarding target- WTRUs. Therefore, in step 54, 
the well-located WTRUs are identified. Next, in step 56, the target-WTRU(s) is 
identified. 

[0027] In this embodiment, once the well-located WTRUs and target-WTRU(s) 

are identified, the well-located WTRUs within a predetermined geographic area of the 
target- WTRU(s) are identified (step 58) and sent a broadcast message (step 60). As 
explained above, the broadcast message requests that positioning information 
regarding the target- WTRU(s) be provided to the network. In step 62, the users whose 
WTRUs report the requested positioning information are issued a credit. 
[0028] Referring now to Figure 3, a wireless system 100 is shown. The system 

100 encourages users to cooperate with the system so that WTRUs 102i-102 n belonging 
to users who have opted to cooperate may be used by the system 100 to obtain 
positioning information regarding a target- WTRU 104. In addition to WTRUs 102i- 
102 n and target- WTRU 104, the system 100 includes a radio network controller (RNC) 
106, at least one base station 108, and WTRUs 110i-110 n who, for example, have opted 
not to participate in cooperative positioning or who have yet to be asked. 
[0029] It should be noted that the components described in connection with 

Figure 3 will, of course, vary depending upon the type of system in which the present 
invention is being implemented. For example, where the wireless system 100 is a 
wireless local area network (WLAN) type wireless system, a wired computer network 
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and at least one access point may be provided in conjunction with or instead of the 
RNC 106 and at least one base station 108. Therefore, it is important to note that 
while a cellular type system 100 is shown, system 100 may be any type of wireless 
system. 

[0030] In this embodiment, when a target- WTRU 104 needs to be located, the 
RNC 106 will send a broadcast message to WTRUs within the group of WTRUs 102i- 
102 n that are well-located and within a predetermined geographic area of the target- 
WTRU 104. The broadcast message includes information identifying target- WTRU 104 
and requests positioning information regarding target-WTRU 104. The positioning 
information that is accepted by the network is preferably reported with a degree of 
confidence above a predetermined level. 

[0031] The location of WTRUs whose users have opted to participate in 

cooperative positioning as well as their status as well-located or non well-located may 
be stored in memory 112 in the RNC 106 or in memory 114 in base station 108. 
Therefore, when positioning information is needed where, for example, target-WTRU 
104 is a new WTRU which has just come online, the system 100 can quickly determine 
which WTRUs out of WTRUs 102i-102 n can provide positioning information that would 
be helpful in accurately positioning target-WTRU 104. Once such WTRUs are 
identified, the RNC 106 broadcasts a message via base station 108 wherein well-located 
WTRUs within a predetermined area of target-WTRU 104 are instructed to report 
positioning information on target-WTRU 104. 

[0032] Positioning information provided by WTRUs 102i-102 n is preferably only 

provided where it can be reported with a sufficient degree of confidence. That is, for 
positioning information to actually be used in the positioning of target-WTRU 104, it is 
preferable such information to be reported with a degree of confidence that is equal to 
or above a predetermined level. 

[0033] WTRUs 102i-102 n include a receiver 116 configured to receive the requests 

for positioning information regarding target- WTRUs that are transmitted by the 
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system 100. The receiver 116 is also configured to receive signals from target- WTRUs 
because positioning measurements regarding target-WTRUs often involve performing 
measurements not only on signals received from system 100 components such as base 
station 108, but also from target-WTRUs and measuring an angle between the two 
received signals. 

[0034] WTRUs 102i-102 n include at least one processor 118 for performing the 

requested position measurements based on signals received for purposes of performing 
the position measurements. WTRUs 102i-102 n also include a transmitter 120 that is 
configured to transmit results of position measurements (i.e. positioning information) 
to the system 100. Further, a memory 122 and display 124 is provided in WTRUs 102i- 
102 n so that WTRUs 102i-102 n may store and display the number of instances where 
the user's WTRU has provided positioning information to the system 100. The ability 
to store and display such information assists users in tracking the amount of resources 
expended as a result of participating in cooperative positioning as well as the amount 
of credits that are due to the user. 

[0035] To enable registered users who have opted to participate in cooperative 

positioning to control the time periods wherein their WTRU is available to the network 
for purposes of cooperative positioning, WTRUs 102i-102 n preferably include a switch 
126. The switch 126 allows users to enable and disable their WTRU's ability to 
respond to system 100 positioning requests. For example, where a user's WTRU is low 
on power, the user may wish to disable his WTRU's ability to respond to system 100 
positioning requests. 

[0036] It is important to note that the present invention may be implemented in 

an Y type of wireless communication system, as desired. By way of example, the 
present invention may be implemented in UMTS-FDD, UMTS-TDD, TDSCDMA, 
CDMA2000 (EV-DO and EV-DV), any type of wireless local area network (WLAN), or 
any other type of wireless communication system. Further, while the present 
invention has been described in terms of various embodiments, other variations, which 
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are within the scope of the invention as outlined in the claim below will be apparent to 
those skilled in the art. 

* * * 
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